Changes in the ultrastructural aspect of the glyoxysome fraction obtained from maize scutella by density gradient centrifugation were followed during the first 6 days of germination. During the first 2 days the fraction consists of very electron-dense bodies about 0.3 to 0.5 micron in size while at the 4th day it is formed by larger and less dense membrane-bound particles. Some intermediate form between the two types of organelles can be seen at the 3rd day. Between the 4th and the 6th days of germination the glyoxysomes are destroyed, and their enzymes are released into the cytosol. At the peak of their development (4th day) the glyoxysomes contain 75 to 80% of the total isocitratase and 65% of the total malate synthetase of the scutellum. These values drop to very low levels during the next 2 days. Catalase bound to glyoxysomes amounts to 30 to 35%0 of the total activity present in the scutellum at the 1st day of germination: this value decreases steadily during the following days.
35%0 of the total activity present in the scutellum at the 1st day of germination: this value decreases steadily during the following days.
In a previous paper (5) we showed that glyoxysome-rich fractions isolated by density gradient centrifugation from scutella of germinating maize seeds have a very variable morphological aspect depending on the stage of germination. At the 4th day of germination when the activity of several glyoxysomal enzymes reaches its peak value, the fraction is formed mostly by organelles limited by a single membrane which appear to be identical with the glyoxysomes described by other authors (1) . The fraction obtained in the same way at the 1st day of germination is more heterogeneous: its main components are electron-dense bodies of smaller size than the typical glyoxysomes. The small dense bodies may be precursors of the glyoxysomes or completely unrelated particles which disappear at the same time when the glyoxysomes increase. In the present paper we have examined more systematically the morphology of the glyoxysome fraction during the first 6 days of germination in the hope of finding stages of transition between the 1st and the 4th day particles which could lend support to the precursor hypothesis. We have also investigated whether the morphological changes in the glyoxysome fraction can be correlated with changes in the subcellular distribution of some typical glyoxysomal enzymes: isocitratase, malate synthetase, and catalase.
MATERIALS AND METHODS
The strain of maize used was Michigan 62-91 kindly supplied by Dr. E. Rossman of the Department of Crop Science, Michigan State University. Isolation of glyoxysomes and enzyme assays were performed as described in a previous paper (5) . For determining the degree of compartmentation of isocitratase, malate synthetase, and catalase in the glyoxysomes, we have used the "crude particulate fraction" (i.e., the fraction sedimenting between 480g and 10,800g for 10 min) instead of the purified glyoxysomes. This substitution should introduce no serious error since we have verified that during the first 4 days of germination at least 90% of the three enzymic activities present in the crude particulate fraction sediment together with the glyoxysomes in the sucrose gradient. The 480g supernatant was used to determine the total activities of the three enzymes present in the whole homogenate. Also this approximation should be acceptable because the activity of the three enzymes in the 480g pellet is very small. The high turbidity of the whole homogenate due to its high fat content introduced a large error in the absorbance readings. Great care was taken in the homogenizing procedures, especially when the degree of compartmentation was measured. The scutella (about 10 g) were finely minced with a razor blade in a Petri dish containing 4 volumes of the grinding medium, and the mince was ground in a mortar for 90 sec with a very gentle stirring action of the pestle. This method of grinding decreases the yield of particles from the tissue (probably because a considerable number of cells remains intact), but the recovery of isocitratase and malate synthetase in the "crude particulate fraction" is substantially improved. Only the data from experiments in which the over-all recovery of protein and enzyme activities ranged between 90 and 105% were considered.
For electron microscopy the glyoxysome fraction was fixed and embedded as stated in a previous paper (5) .
RESULTS
No changes in the morphology of the glyoxysome fraction appear during the 1st and the 2nd days of germination. At the 2nd day the fraction still looks rather heterogeneous: its main component is formed by electron-dense bodies about 0.3 to 0.5 s in size (Fig. 1) . Many of them contain an electron-transparent area. Very few "typical" glyoxysomes can be seen at this stage. The small dense bodies seem to be sensitive to variations of osmotic pressure. Transfer of the glyoxysomal fraction obtained at 24 hr of germination from 1.9 M to 0.4 M sucrose results in the complete disappearance of the particles, and instead a flocculent material and several membrane ghosts are observed (Fig. 2) .
Because of their high frequency, it is unlikely that these ghosts come from the few "normal" glyoxysomes present in the fraction.
From the 2nd to the 3rd day the morphological aspect of the glyoxysomes changes abruptly. On the 3rd day the fraction appears to be formed by normal glyoxysomes with the typical characteristics described in other papers (particles about 1 to 2 ,u in size bounded by a single membrane and containing a FIGS. 4 AND 5. Details of glyoxysome fraction isolated at the 3rd day of germination. Between "normal" looking glyoxysomes are scattered some particles of smaller size and higher electron density which have an intermediate aspect between the particles seen at the first 2 days (see Fig.   1 ) and the "normal" glyoxysomes. granular stroma) (Fig. 3) . Among these,.are scattered some particles which are intermediate in size and electron density between the small dense particles and the "typical" glyoxysomes (Figs. 4 and 5). One day later the aspect of the fraction has remained practically unchanged but for the intermediate-looking particles, which have nearly completely disappeared (Fig. 6) . At the 6th day a glyoxysome fraction can no longer be obtained by density gradient centrifugation of the crude mitochondrial fraction. Most of the crude particulate fraction layered on the gradient remains at the top: only a faint mitochondrial band comes to equilibrium halfway down the centrifuge tube (density = 1.19 g/cm3). Electron microscopical examination of the material at the top of the gradient reveals several membrane ghosts dispersed in a flocculent material (Fig. 7) .
The three enzymes chosen as glyoxysomal markers (isocitratase, malate synthetase, and catalase) show striking changes in compartmentation during germination (Fig. 8) sediments with the crude particulate fraction; between the 3rd and the 4th day this value rises to 75 to 80% for isocitratase and 65% for malate synthetase, but by the 5th day it has dropped again to a very low level for both enzymes (5-8%). The catalase activity recovered with the crude particulate fraction is maximal during the first 2 days of germination (about 30-35%) and drops steadily during the following days. At the 5th day the catalase activity sedimenting with the crude particulate fraction is about 12% of the total.
The percentage of the three enzymic activities sedimenting with the microsomal fraction (i.e., the pellet obtained by centrifugation of the 10,500g supernatant at 105,000g and 90 min) is lower than 5 % during the first 4 days of germination, but from the 4th to the 6th day catalase increases from 3.5% to 16% (Fig. 9) . During the same time the total catalase activity (calculated on a scutellum basis) drops strongly in the crude particulate fraction and increases in the microsomes (Fig. 10) . The percentage of malate synthetase contained in the microsomes increases together with catalase from the 4th to the 5th day, but there is no further increase from the 5th to the 6th day. Isocitratase does not increase at all in the microsomes from the 4th to the 6th day. The microsomal pellet obtained at the 6th day of germination has a yellow-greenish color, quite different from the reddish-brown one that can be seen at the foregoing stages. Its isocitratase to malate synthetase ratio is about 0.1. This ratio is very low if compared with the crude particulate fraction that has a ratio of 0.8 at the 4th day of germination and 0.4 at the 6tb.
DISCUSSION
Although the morphological examination of the glyoxysome fraction has not yielded any conclusive evidence in favor of the hypothesis that the small dense bodies may be precursors of the glyoxysomes, we think that it is supported by the presence, at the 3rd day, of particles having intermediate characteristics between the two types of organelles. The appearance of these intermediate particles is exactly correlated with a big shift in the morphological aspect of the fraction. Indeed, they can be seen only at the time when the dense bodies give way to the normal glyoxysomes and disappear completely when only normal glyoxysomes are left. The disappearance of the dense particles after the 2nd day coincides with an increase in compartmentation of isocitratase and malate synthetase inside the glyoxysomes. This suggests that the assembly of the glyoxysomes may involve sequestering of the two enzymes from the soluble phase into a pre-existing particle. At the 4th day of germination the whole of isocitratase present in the scutellum is probably segregated in the glyoxysomes: the 20 to 25% which is still present in the supernatant may be due to breakage of the organelles during grinding. The low recovery of catalase in the glyoxysomes suggests that this enzyme, unlike isocitratase, is not compartmented only in these organelles even when they reach the peak of their development. No progressive sequestration of catalase inside the glyoxysomes is apparent during the first 4 days of germination: on the contrary, the fraction of total catalase activity associated with them drops steadily from the 1st to the 4th day. The specific activity of catalase in the glyoxysome fraction increases strongly during this time span and reaches its peak at the 4th day (5), but this increase does not keep pace with the over-all increase of catalase in the scutellum.
The comparatively low amounts of isocitratase and malate synthetase that can be recovered in the glyoxysomes during the first 3 days of germination could be due to a greater fragility of the organelles at early stages of germnination (4). This does not seem probable in our case because 90% of the total isocitratase and malate synthetase present in the crude particulate fraction sediments with the glyoxysomes in the sucrose gradient at any time of germination before the 5th day. If extensive breakage would occur at the early stages of germination, one would expect to find a high percentage of the activities at the top of the gradient. This happens, indeed, when the cells are subjected to a harsher breaking procedure, e.g., grinding with abrasives. Gerhardt and Beevers have recently published a detailed account about the development of glyoxysomes in castor bean endosperm (4) . The comparison of the data of these authors with ours shows some interesting differences between the two organs. The development of isocitratase activity in the glyoxysome fraction follows a very similar pattern in the ascending part of the curve (day 2 to day 5 in the castor bean and day 1 to day 4 in maize), but the decline is much faster in maize (Fig. 11) . The same observation holds for malate synthetase. The endosperm of the castor bean shows clear signs of degeneration after the 5th day of germination, and the fall of the glyoxysomal isocitratase and malate synthetase is probably a single aspect of this over-all senescence (7) . The corn scutellum, on the opposite, looks quite healthy even at the 8th day of germination. At this time, when nearly all of the fat reserves are exhausted, the main function of the scutellum is probably the absorption and translocation of breakdown products deriving from the endosperm reserves. Breakdown of the glyoxysomes may be in this case an active and specific process rather than a simple degeneration phenomenon. Also, the sharp drop in isocitratase and malate synthetase compartmentation which occurs in the maize scutellum between the 4th and the 6th days of germination, but not in the castor bean endosperm, suggests that glyoxysome breakdown is more drastic in the former. Moreover, while in castor bean the total isocitratase and malate synthetase activities of the endosperm drop strongly after the 5th day of germination, in the maize scutellum these values remain high, at least until the 6th day regardless of the disappearance of the organelles (Figs. 11  and 12 ). This suggests that in the maize scutellum the glyoxysomes lose their structural integrity and their enzymes are released into the cytoplasm but are not immediately degraded after the breaking of the particles. The behavior of the maize scutellum in this regard seems to be different also from that of watermelon cotyledons, which become green after having exhausted their fat reserves. In the latter, isocitratase and malate synthetase are selectively inactivated as soon as the reserve fat is exhausted (6) .
The appearance of a high malate synthetase and catalase activity in the microsomal fraction after the 4th day is probably connected with glyoxysome breakdown. Broken glyoxysomes may sediment together with the microsome fraction. This is suggested by the fact that the rise in catalase activity of the microsomal fraction approximately compensates for the loss of catalase in the crude mitochondrial fraction. The high catalase content of the microsomes at the 5th and the 6th days may indicate that this enzyme is at least partly bound to the glyoxysomal structure, e.g., to the membrane, while isocitratase (which does not rise in the microsomal fraction from the 4th to the 6th day) may be loosely bound to the organelles and completely released into the soluble phase as soon as their limiting membrane breaks. Malate synthetase has an intermediate behavior (Fig. 9) ; we may assume that this enzyme is bound to the structure of the glyoxysomes although more loosely than catalase. Evidence for a firm Plant Physiol. Vol. 46, 1970 attachment of catalase to some insoluble structure of the glyoxysomes is substantiated by the fact that the limiting membrane of these organelles becomes heavily stained in the histochemical reaction with diaminobenzidine (Longo, unpublished data) . This reaction is thought to be specific for catalase and peroxidases (2, 3, 8) .
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